common bean (Phaseolus vulgaris L.), rice (Oryza sativa L.), and Arabidopsis thaliana (L.) Heynh., demonstra- Wei et al., 1996; Zehnder et al., 2001 ).
Over the last 20 yr, research on SAR and ISR using model systems has furthered our understanding of the molecular basis of induced resistance and promoted the P lant researchers have known for over 100 yr that development of synthetic elicitors and PGPR formulaplants can be preconditioned against diseases caused tions for use in conventional agriculture (see reviews by a variety of parasites. Initially, the debate was over by Benhamou and Nicole, 1999 ; Hammerschmidt and the serological basis of what was then referred to as Kuc, 1995; Kessler and Baldwin, 2002; Kessmann et al., acquired physiological immunity (reviewed in Chester, 1994; Leroux, 1996; Lucas, 1999; Lyon et al., 1995; 1933a , 1933b . It would take another 60 yr before Ross Sticher et al., 1997; van Loon et al., 1998; Walling, 2000) . (1961a, 1961b) , from results of experiments using ToThe future use of SAR and ISR to control crop pests bacco mosaic virus to sensitize tobacco (Nicotiana tabain conventional agriculture seems promising. Since syncum L.) against subsequent "challenge" inoculations of thetic elicitors and PGPR strains, in general, do not Tobacco mosaic virus on infected leaves or on distal exhibit any direct antimicrobial activity, unlike tradiuninfected leaves, would clearly articulate the concepts tional pesticides, they provide a way to control disease of localized acquired resistance and SAR, respectively. without asserting direct selective pressure on pathogen Cruikshank and Mandryk (1960) extended this concept populations. In addition, the use of synthetic elicitors to a nonviral pathogen in field-grown tobacco plants and PGPR strains seems to be environmentally benign using stem injections of Peronospora tabacina (D.B.
relative to current pesticides. These characteristics make Adam, also referred to as P. hyoscyami de Bary f. sp.
SAR and ISR, and other forms of induced resistance, tabacina) to trigger SAR against subsequent inoculations an attractive approach for managing crop pests in a of the same pathogen, the causative agent of blue mold sustainable manner within the scope of a conventional of tobacco. These landmark studies led to the developagriculture system. ment of the classic SAR models during the 1980s in other plants, such as cucumber (Cucumis sativus L.), effective against a broad range of pathogens and parabacteria (PGPR), of which the best characterized are strains within several species of Pseudomonas that cause sites, including fungi, bacteria, viruses, nematodes, parasitic plants, and even insect herbivores (Benhamou and no visible damage to the plant's root system (reviewed in van Loon et al., 1998) . Unlike SAR, ISR does not Nicole, 1999; Hammerschmidt and Kuc, 1995; Kessler and Baldwin, 2002; McDowell and Dangl, 2000; Sticher involve the accumulation of pathogenesis-related proteins or salicylic acid (Pieterse et al., 1996) , but instead, et al., 1997; van Loon et al., 1998; Walling, 2000) . The two most clearly defined forms of induced resistance relies on pathways regulated by jasmonate and ethylene (Knoester et al., 1999; Pieterse et al., 1998; Yan et al., are SAR and ISR (Fig. 1) , which can be differentiated on the basis of the nature of the elicitor and the regulatory 2002). However, these molecular characterizations are based on a limited number of ISR systems. Other exampathways involved, as demonstrated in model plant systems (Knoester et al., 1999; Maleck et al., 2000 ; Pieterse ples of ISR are linked to the production of siderophores or salicylic acid by PGPR strains and, therefore, have et al. Schenk et al., 2000; Uknes et al., 1992; van Wees et al., 2000; Ward et al., 1991 , Yan et al., 2002 . more in common with SAR (De Meyer and Hö fte, 1997; Leeman et al., 1995a Leeman et al., , 1996 Maurhofer et al., 1994) . NeiThe classic form of SAR can be triggered by exposing the plant to virulent, avirulent, and nonpathogenic mither the nature of the eliciting agent nor the site of elicitor action on the plant is as critical in the classificacrobes, or artificially with chemicals such as salicylic acid, 2,6-dichloro-isonicotinic acid (INA) or benzo (1, 2, 3) tion of induced resistance phenomena as the biochemical responses incited within the plant. Finally, SAR is thiadiazole-7-carbothioic acid S-methyl ester (BTH) (reviewed in Sticher et al., 1997) . Depending on the plant effective across a wide array of plant species, whereas there is demonstrated specificity in the ability of PGPR and elicitor, a set period of time is required for the establishment of SAR that corresponds to the time restrains to elicit ISR on certain plant species and genotypes (van Wees et al., 1997; Yan et al., 2002) . quired for the coordinated accumulation of pathogenesis-related proteins (and transcripts) and salicylic acid
It is important to realize that SAR and ISR, as just defined, are probably only two outcomes out of an array throughout the plant (Cameron et al., 1994; Uknes et al., 1992; Ward et al., 1991) . Any disruption in the plant's of possibilities. It is likely that other forms of induced resistance exist that vary in their reliance on salicylic ability to accumulate salicylic acid results in the loss of pathogenesis-related gene expression and attenuation acid, ethylene, and jasmonate and other as yet discovered plant regulators. However, it is the availability of of the SAR response, when pathogens are used for induction (Gaffney et al., 1993; Lawton et al., 1995; Ver- chemical inducers of SAR, such as BTH, and the characterization of numerous PGPR strains, that makes the nooij et al. , 1994) . BTH and INA, however, were still able to elicit SAR and pathogenesis-related gene exapplied use of induced resistance in conventional agriculture a reality. The next two sections will review pubpression in A. thaliana and tobacco plants defective in salicylic acid accumulation (Friedrich et al., 1996; Law- lished studies assessing SAR and ISR under field conditions. These studies on SAR and ISR are also examined ton et al., 1996) .
ISR is potentiated by plant growth-promoting rhizoin further detail in Tables 1 and 2 , respectively. The SAR ). However, several elicitors available; both are considered functional anafungicides were superior to BTH at controlling powdery logs of salicylic acid, and elicit a systemic form of inmildew and Septoria leaf blotch in the field, and improvduced resistance across a broad range of plant-pathogen ing overall wheat yields. There was no improvement in interactions (Friedrich et al., 1996; Lawton et al., 1996;  the control of powdery mildew or Septoria leaf blotch Maleck et al., 2000; Uknes et al., 1992; of wheat with additional applications of BTH over single 1991). In general, neither chemical elicitor exhibits any applications, or with combined applications of BTH with direct antimicrobial activity; however, some examples fungicides over lone fungicide applications, and no imof antimicrobial activity have been documented in assoprovements in yield were associated with the use of ciation with high elicitor concentrations (Ishii et al.,
BTH over nontreated controls in field trials (Stadnik 1999; Rohilla et al., 2002; Tosi and Zazzerini, 2000) .
and Buchenauer, 1999a Buchenauer, , 1999b ). Plants exposed to high concentrations of BTH or INA may also exhibit signs of phytotoxicity, but this effect Efficacy among Solanaceous Crops seems to be independent of the induced resistance response (discussed in Louws et al., 2001; Sticher et al., Ample evidence exists supporting the effectiveness of BTH against a variety of fungal, bacterial, and viral 1997).
Out (Dann and Deverall, 1996; Dann et al., 1998 The use of BTH to control white rust was not as effective deBary] in two out of three field trials. INA was most as the fungicide trifloxistrobin or azoxystrobilurin, strobefficacious in suppressing white mold on the susceptible ilurin derivatives that inhibit mitochondrial respiration cultivars Elgin 87 and Williams 82 but not on partially in fungi. While the additional application of BTH with resistant cultivars Corsoy 79 or NKS19-90 (Dann et al., either of the strobilurin fungicides, improved the control 1998). However, the reductions in white mold observed of white rust relative to lone applications of either strobon cultivars Elgin 87 and Williams 82 varied with field ilurin fungicide (Leskovar and Kolenda, 2002) . location and year. The first of two field trials that included BTH found it most effective against white mold Field Studies on Induced Systemic Resistance when applied to soybean cultivar Elgin 87, but was ineffective in a second field trial where a 10-fold higher A number of plant growth-promoting rhizobacteria dose of BTH was applied (Dann et al., 1998 
Soil Amendments
Barber and Acalymma vittata Fabricius) in two indepenOrganic soil amendments have traditionally been asdent field trials (Zehnder et al., 2001) . Further experisociated with the suppression of diseases caused by soilments in a controlled environment attributed the protecborne pathogens in greenhouse (Boehm and Hoitink, tion against bacterial wilt to ISR and a corresponding 1992; Zhang et al., 1996 Zhang et al., , 1998 and field environments reduction in the beetle feeding stimulant cucurbitacin (Drinkwater et al., 1995; Workneh et al., 1993 ; Workneh in PGPR treated cucumber plants (Zehnder et al., 2001) . and van Bruggen, 1994) , but there are also examples of In greenhouse and field experiments, Bacillus pumilus foliar disease suppression in both environments as well. INR-7 was also among several PGPR strains that proZhang et al. (1996, 1998) Zehnder et al., 2001) . The inconsistency of PGPRvesicatoria or X. campestris pv. vesicatoria) of tomato, mediated ISR against Tomato mottle virus in field trials neither was consistent over the two year duration of the was attributed to an increase in disease pressure associfield trials. Tomato plants grown in compost-amended ated with the increased density of the whitefly vector soils consistently produced higher marketable yields. of the virus (Murphy et al., 2000) .
However, the addition of composted amendments also A variety of application methods has also been evaluincreased the progress of foliar diseases, as measured ated in the field that should improve the integration of over time, relative to tomato plants grown in non-PGPR-mediated ISR into conventional agriculture, and amended plots, while the application of BTH impeded in some cases with improved efficacy. For example, Raudisease progress by 55% to 60% regardless of soil treatpach and Kloepper (1998) found that repeated foliar ment (Abbasi et al., 2002) . spray applications of Bacillus pumilus INR-7 or FlavoField experiments focused on assessing the effects of monas oryzihabitans INR-5 were as effective as seedsoil amendments derived from paper mill residuals on treatments at controlling a mixed infection of angular plant health, found that soils amended with batches of leaf spot and anthracnose on cucumber. Similar results composted paper mill residuals suppressed the severity were obtained when comparing seed applications of a of foliar brown spot (caused by Pseudomonas syringae talc-based formulation versus a fresh suspension of PGPR strains for protection against downy mildew on pv. syringae van Hall) of bean and the incidence of angular leaf spot of cucumber compared to that on pearl millet (Niranjan Raj et al., 2003) . Talc-based formulations would allow for easier storage and application plants grown in nonamended soils or soils amended with batches of paper mill residuals that were not composted of PGPR strains, rather than dealing with liquid bacterial suspensions. Nandakumar et al. (2001) applied (Stone et al., 2003) . The same field soils also conferred resistance on tomato and A. thaliana plants against bac-PGPR strains to rice plants as a single seed, root, soil, or foliar application or in combinations of two, three terial speck (caused by P. syringae pv. tomato) in growth chamber experiments, as demonstrated by a 35 to 65% and four application methods, and found that combinations of three or four application methods were more reduction of disease symptoms on plants grown in soils amended with batches of composted paper mill residuals effective than single applications at controlling sheath blight (caused by Rhizoctonia solani) of rice in two field relative to plants grown in nonamended soil or soil amended with batches of a noncomposted paper mill However, only in 1 out of the 22 field experiments was the affect of BTH on yield statistically less than obtained residuals (Vallad et al., 2000 (Vallad et al., , 2003 . The suppression of bacterial speck associated with plants grown in batches using a standardized bacterization treatment (an 18% reduction in yield); coincidently, only in 1 out of the of composted paper mill residuals, in several experiments, was equivalent to that induced by treating plants 22 field experiments did the standardized bacterization treatment statistically yield more than the nontreated with BTH.
Growth chamber experiments with A. thaliana also control treatment. They also observed that tomato seedlings treated with BTH were smaller than nontreated revealed that the resistance induced by composted paper mill residuals was associated with increases in the plants in greenhouse experiments (Louws et al., 2001) . Romero et al. (2001) found that the growth of pepper expression of plant pathogenesis-related genes before pathogen inoculation, and was disrupted in a npr1 deplants was also greatly influenced by the use of BTH, manifested as a reduction in yield or a delay in plant fense mutant and a NahG transgenic line, which are molecular features characteristic of SAR (Vallad et al., maturity. These effects on plant growth were apparent across several pepper cultivars when compared to plants 2000, 2003) . Others have also documented beneficial cytological changes in tomato plants grown in batches treated with copper hydroxide, but only when plants were infected with Xanthomonas campestris pv. vesiof paper mill residuals suppressive to crown and root rot, as a result of the formation of physical barriers at sites catoria (causal agent of bacterial spot). In experiments that carefully excluded Xanthomonas campestris pv. veof attempted penetration and reduced colonization of plant roots by Fusarium oxysporum (Schlechtend.:Fr.) f.
sicatoria, there were no significant yield differences between BTH treated and copper hydroxide treated plants sp. radicis-lycopersici (W.R. Jarvis & Shoemaker), the causal fungal pathogen (Pharand et al., 2002) . These (Romero et al., 2001) . In field trials, PGPR strains generally improved plant growth and yields over nontreated studies stress the importance of the soil environment, beyond crop growth, to improve the defensive potential controls; but improved plant growth was not associated with ISR efficacy (Murphy et al., 2000 ; Niranjan Raj et of the crop, and the potential to use organic amendments to modify the soil environment accordingly.
al. Nandakumar et al., 2001; Raupach and Kloepper, 1998, 2000; Wei et al., 1996; Yan et al., 2002 ).
An inherent difference between monocots and dicots

Considerations for the Use
exists in terms of the longevity of the induced resistance of Induced Resistance elicited by BTH. While single applications of BTH were The previous sections examined how chemical and generally sufficient at inducing resistance over the life biological elicitors can be practically applied to control span of a monocot crop, such as wheat, dicot crops pathogen and parasite problems encountered in an asrequired repeated applications of BTH to extend prosortment of conventional agricultural settings, in lieu of tection over time (Cole, 1999; Dann and Deverall, 1995 ; pesticides in many cases. However, like all technologies, Gö rlach et al., 1996; Louws et al., 2001 ; Morris et al., there are benefits and drawbacks that need to be consid-1998; Romero et al., 2001) . Regardless, there is evidence ered. There are also biological limitations that may hinthat there are physiological costs associated with the der the practical use of chemical and biological elicitors induction of resistance in monocots as well. without further research and development. The next Stadnik and Buchenauer (1999a, 1999b) reported that section will address these topics. the effect of BTH on disease and yield of wheat was influenced by the stage of plant growth. In field experiPhysiological Costs of Induced Resistance ments, BTH treatments applied during the end of tillering (growth stage 28) controlled powdery mildew more The phenomenological characterization of induced effectively then when applied at the middle of tillering plant resistance in a number of controlled and uncon-(growth stage 25), even though yields from plants treated trolled environments has given us an idea about the at the later stages of tillering were numerically less breadth of these defenses and the costs of fitness that (Stadnik and Buchenauer, 1999a) . Several fungicide plants incur when deploying these defenses, as measured treatments also effectively controlled powdery mildew, in terms of vegetative and reproductive growth (summaalthough to a lesser extent than BTH, and improved rized as yield in Tables 1 and 2) . Most experiments evaluwheat yields over a nontreated control. The combined ated a range of BTH application rates, and reported a use of BTH and fungicide treatments effectively contradeoff between effective disease control and either trolled powdery mildew and Septoria leaf blotch of phytotoxic effects or reduced plant productivity (Abbasi wheat better than either individual treatment and im Cole, 1999; Perez et al., 2003) . A consistent proved wheat yields over a nontreated control and BTH theme from several of the field experiments using BTH use alone (Stadnik and Buchenauer, 1999a) . and Buchenauer, 1999b) . less, on average, than plots treated with a standardized A number of hypotheses have been put forth to exbacterization treatment (that always included copper hydroxide) and 2.1% less than nontreated control plots.
plain how plants reallocate resources during the induc-tion of plant defenses and how induced resistance benedepending on the parasite(s) involved (see reviews of Bostock, 1999; Dempsey et al., 1999 ; Genoud and Mé -fits the overall fitness of the plant relative to constitutive defense mechanisms (Coley et al., 1985; Hatcher and traux, 1999; Kessler and Baldwin, 2002; McDowell and Dangl, 2000; Walling, 2000) . Interactions among defense Paul, 2000; Heil, 1999; Heil et al., 2000; Herms and Mattson, 1992; Simms and Rausher, 1987; reviewed in pathways have also been studied in the field, primarily between foliar pathogens and herbivores. Heil 2001) . A few studies have tried to address these costs directly in various settings. In a series of greenThaler et al. (1999) in a field experiment treated tomato plants with BTH, jasmonic acid, or both, in addihouse experiments, Stout et al. (1998) (Boddie) . Increased nitrogen levels monic acid were more resistant to herbivore damage, but did not differ from the nontreated control in susceptended to decrease constitutive activity levels of polyphenol oxidase and proteinase inhibitors but did not tibility to foliar speck. An analysis of several biochemical defenses found that the increased susceptibility to interfere with the induction of these defenses (Stout et al., 1998) . These results suggest that constitutive plant herbivory in BTH-treated plants was associated with the suppression of polyphenol oxidase activity and mRNA defenses are influenced more by nitrogen availability than inducible plant defenses (Stout et al., 1998) .
encoding the proeinase inhibitor PIN II, which are key antiherbivore responses. An increase in mRNA encodIn greenhouse and field experiments, radish (Raphanus sativus L.) plants induced by limited insect damage ing the pathogenesis-related protein P4 was also observed in BTH-treated plants in association with supor a foliar application of jasmonic acid exhibited less tissue damage from subsequent insect herbivory, accupression of symptoms of bacterial speck, but suppressed in plants treated with jasmonic acid. Interestingly, plants mulated higher amounts of glucosinolates, and were reproductively more fit than mechanically damaged or treated simultaneously with BTH and jasmonic acid exhibited symptoms of bacterial speck and herbivore damnonmanipulated plants (Agrawal, 1998 (Agrawal, , 1999 Agrawal et al., 1999) . However, in the absence of herbivore presage intermediate of the plants treated individually with either BTH or jasmonic acid, and were associated with sure, induced plants were reproductively less fit in terms of flower development and pollen production (Agrawal, intermediate levels of polyphenol oxidase activity and P4 mRNA. further demonstrated that 1999). Heil et al. (2000) observed effects on the vegetative growth and seed production of wheat plants induced defenses induced by foliar applications of jasmonic acid on tomatoes effectively controlled insect herbivory in with BTH in the absence of disease pressure, regardless of the growing conditions or fertilization regiment. Howfield trials over a 4 yr period. Hatcher et al. (1994) and Hatcher and Paul (2000) ever, they found that BTH impeded growth the most during the production of lateral shoots and under nitrofound that undamaged leaves of the plant Rumex obtusifolius L. that received damage from the beetle Gastrogen-limiting conditions, demonstrating the importance of plant growth stage and nutritional status when assessing physa viridula (De Geer) were more resistant to several fungal pathogens than were plants undamaged by herbithe physiological costs of induced resistance (Heil et al., 2000) . Others have pointed out similar physiological costs vory. Interestingly, induced resistance was not found to be a factor among the fungal pathogens studied, which associated with resistance induced by applications of jasmonic acid, and also the importance of induced resistance included a biotrophic Basidiomycete [Uromyces rumicis (Schumach.) G. Winter], a hemibiotrophic Ascomycete in competition among neighboring plants (Baldwin, 1998; van Dam and Baldwin, 1998 (Hatcher and Paul, 2000 ). It's quite possible that these fungal pathogens evolved strategies to avoid or neutral-(reviewed in Bergelson and Purrington, 1996; Bergelson, 1994; Tian et al., 2003) .
ize the defenses of R. obtusifolius during pathogenesis, explaining why host defenses elicited by insect herbivory were effective against these fungi.
Conflicts in Plant Signaling Pathways
In nature, plants respond to a multitude of parasites, Genetic Variability in Plants often simultaneously, and must allocate resources to defenses and vegetative growth to ensure reproductive
Results from the various field trials considered in this review demonstrate the potential of biological and success. A number of laboratory studies assessing the role of defense responses dependent of salicylic acid, chemical elicitors to control a wide variety of diseases. The crops utilized in these studies were modern cultivars jasmonic acid, and ethylene have demonstrated conflictive and additive interactions among these pathways selected in conventional agricultural settings, and they generally exhibited only minor, often statistically insigfamilies there was either genetic variability for the induction of resistance or genetic variability for the physinificant, reductions in yield in association with chemical elicitors of SAR when compared with standard pesticide ological costs associated with the induced resistance response, which implies heritability (Agrawal et al., 1999) . treatments. Since induced resistance is a biological response, it should be amenable to breeding strategies to minimize its negative impact on agronomic traits, and Effects on Parasite Populations perhaps even improve its overall effectiveness. HowUnlike race-specific (vertical) resistance or pesticides, ever, it will be necessary to determine the amount and induced resistance does not appear to apply selective types of variability that may exist among domesticated pressure to pathogen or parasite populations on the crops and their wild relatives.
basis of any single genetic determinant or specific mode Currently, it is unclear what variability exists within of action, but rather is quantitative because of the cumuplant populations for the induction, maintenance, and lative effects of numerous plant defense mechanisms overall robustness (in terms of the number and effective- (Sticher et al., 1997; van Loon et al., 1998) . However, ness of individual biochemical components involved) of because of its similarity to horizontal resistance, the induced resistance responses. A great deal is known from effectiveness of induced resistance has the potential to A. thaliana about the role of the phytohormones ethyl-"erode" over time as the pathogen or parasite populaene, jasmonic acid, and salicylic acid in induced resistion evolves (McDonald and Linde, 2002) . There is a tance responses, mostly because of mutational screens need for research evaluating the effects of SAR or ISR that identified genes that when disrupted prevent the on the composition of pathogen or parasite populations. plant from producing or detecting such phytochemicals.
In ethirimol (5-butyl-2-ethylamino-6-methylpyrimidin-4-ol). The induction of ISR relies on specific plant-PGPR The composition of the population, on the basis of the strain interactions (Leeman et al., 1995a (Leeman et al., , 1995b Ton et al., 1999) . Subsequent genetic both, in addition to nontreated plants. On the basis of studies led to the identification of the ISR1 locus that sensitivity to ethirimol and triadimenol, and the divernot only controls the ability to respond to P. fluorescens sity of virulence pathotypes, the use of BTH alone did WCS417r, but also basal resistance to P. syringae pv.
not affect the composition of the B. graminis population tomato. After further research, the ISR1 locus was found relative to the nontreated control beyond that attributto play a role in the ethylene signaling pathway of A. able to genetic drift. As expected, the composition of the thaliana, therefore ecotypes RLD and Wassilewskija B. graminis population was influenced by the fungicide carried a recessive trait that affected ISR by disrupting ethirimol, as detected by an increase in the number of ethylene signaling while leaving SAR intact (Ton et isolates tolerant to the fungicide and a decrease in the al., 2001). This demonstrates that among A. thaliana diversity of virulence pathotypes. However, the comecotypes, allelic variability exists in regulatory genes bined use of ethirimol and BTH had an even larger that influence ISR pathways.
affect on the composition of the pathogen population What allelic variability exists for regulatory genes of than ethirimol alone. This suggests that BTH alone may SAR? Nothing has been found that compares with the not have a direct effect on the genetic composition of a previous example of the ISR1 locus, since few studies pathogen population, but may exert additional selective have examined genotypic effects on SAR. Interestingly, pressure either through SAR or synergy between BTH some limited studies evaluating SAR among cultivars and ethirimol chemistries (Bousset and Pons-Kü hnethat differed in their level of resistance toward a particumann, 2003). lar pathogen found improved efficacy in partially resistant cultivars over susceptible cultivars, whereas others Future Directions reported just the opposite or few differences among cultivars (Dann et al., 1998; Hijwegen and Verhaar, 1994;  Elicitors of SAR and ISR could potentially revolu- Romero et al., 2001; Stadnik and Buchenauer, 1999b) .
tionize pest management in conventional agriculture. However, there is evidence from an ecological study BTH, in particular, effectively and consistently reduced using families of wild radish (Raphanus raphanistrum diseases caused by a broad spectrum of pathogens across L.) derived from full-or half-sib matings that significant a diverse range of crops and plant taxa. However, the differences existed among families for fitness costs folefficacy of SAR induced by BTH depended on a number lowing induction, as measured by differences among of variables, such as the dose and frequency of BTH application, host genotype and in one case the growth various reproductive traits, suggesting that among the stage of the plant. Data exist supporting heritability in to other pathogens or insect herbivores, so it will be necessary to continuously monitor various pests in the the induction of plant defenses and physiological costs incurred from maintaining plant defenses, opening the field. On the other hand, there is evidence from the A. thaliana model system that the simultaneous inducpossibility of breeding plants with improved inducible resistance responses or minimized fitness costs (Agration of ISR and SAR may give additive protection against pathogens, but this approach has not been furwal et al., 1999) . Can the same types of genetic variability for induced resistance responses be found in domestither investigated in crops or in the field (van Wees et al., 2000) . cated plants, and applied during breeding?
The efficacy of SAR and ISR also depended on the Newer and more effective elicitors of SAR and ISR will surely be developed, perhaps in part as the result pathogen, and some pathogens did not respond to elicitors of either. For example, SAR induced by BTH of our growing understanding of the underlying mechanisms of these pathways within the plant. In the future, was ineffective against Fusarium wilt of cucumber (Fusarium oxysporum Schlechtend.:Fr. f. sp. cucumerinum it may be possible to apply elicitor cocktails that induce a balance of defenses regulated by salicylic acid, jasmonic J.H. Owen) (Ishii et al., 1999) . Preinoculation of bean plants with C. lindemuthianum or foliar applications of acid, ethylene, and other undefined regulators, against specific pests or complexes of threats. However, this INA was ineffective against two root pathogens, Fusarium solani (Mart.) Sacc. f. sp. phaseoli (Burkholder) future will require a shift in conventional agriculture away from the total reliance on pesticides to solve pest W. C. Snyder & H. N. Hans. or pathogenic Rhizoctonia spp. (Dann and Deverall, 1995 
